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(57) Abstract 

An implantable apparatus 
for the detection and monitoring 
of spontaneous cardiac elecd-ogram 
feamres in a patient comprises a 
cardiac monitoring device and a 
plurality of subcutaneous cardiac 
sensing electrodes electrically 
connected- ~ to the monitoring 
device. The sensing electrodes 
are configured for sensing cardiac 
eletrbgram features when implanted 
in spatially separate locations 
in a patient. A storage device 
contained within the monitoring 
device \s operably associated with 
the subcutaneous electrodes and 
stores the cardiac electrogram 
features. Preferably, the plurality 
of subcutaneous electrodes are 
carried by a single elongate 
lead. A downloading device 
such as telemetry apparatus or 
transcutaneous electrical connectors 
may be provided so that the stored 
information can be downloaded to 
a separate apparatus external to the 
patient In a preferred embodiment* 
the apparatus is a defibrillator. 
Methods of using such apparatus 
arc also disclosed. ' 
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METHOD AND APPARATUS FOR THE MONITORING AND 
TREATMENT OF SPONTANEOUS CARDIAC ARRHYTHMIAS 

Field of the Invention 

The present invention relates to an implantable device that monitors cardiac 
electrogram feature information, which information can be used to detect and predict 
the onset of spontaneous cardiac arrhythmias. The electrogram feature information is 
detected through subcutaneous electrodes. The device can incorporate a defibrillator 
or other therapeutic shock treatment apparatus for treating cardiac arrhythmias. 

Background of the Invention 

Numerous different cardiac arrhythmias are treated, through implantable 
devices. Arrhythmias that can be treated with such devices include atrial and 
ventricular fibrillation, as well as less pronoxmced arrhythmias. Since such devices 
typically contain their own power supply, it is desireable to accurately predict when a 
therapeutic electrical pulse" should 'be administered so thiat unnecessary pulses can be 
avoided. It is also desireable to' be^ able to predict arrythmias in advance of onset or at 
an early phase, before the '^ahytlunik progresscss to a serious stage such as ventricular 
fibrillation. Accordingly, almost all implantabfle. arrhjrthniia treatment devices 
incorporate sensing electrodes and sensing circuitry ;- *n 

Current sensing electrodes are positioned on tije riglit side of the heart, at the J 
end of Ae defibrillatiodi lead. Such sensing electrodes collect little information on 
' electriciEil activity in thejefl: yentricle. Because most arrhytiunias originate in the left 
ventricle, obtaining left ventricle electrical information is highly desireable to 
providing an indication of risk of arrhythmia. In' ^dditjipn, spatial disiribution of 
sensing electrodes (i.e., separating the electrodesr in different locations)^ is also 
important, because spatially separate electrodes |StiEer information from a greater 
volume of heart tissue.' But, it is imdesireable;jt§.^^^^ electrode in the left, 

ventricle because of the risk of clptt formation n the catheter, leading to stroke. 
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In:viev/ of.the foregoing, there is a contmued need for new sensing electrode 
configurations and teclmques that' can be ;, employed in; implantable arrhythmia 
treatment apparatus.. : . ^ . . , ; . ^ . 

Summary of the Invention 

A first aspect: of the present invention i;? an implaiitable apparatus for the 
detection and monitoring of spontaneous. cai'diac electrograiri features in k patient. In 
a preferred embodiment, the apparatus is a defibrillator. The apparatus comprises an 
implantable cardiac momtorm d;;vice and a , plurality of subcutaneous cardiac sensing 
- electrodes electrically coniiecttid ;^ the monitoring device. The' sensing electrodes are 
configured for sensing- caidiac .electrcgrani features w^^^^^^ implanted in spatially 
separate locations: in a; patient. : A .storage device: contained within the monitoring 
device is operably associated with the subcutaneous- electrodes and stores the cardiac 
.electrogram features. .^Preferably, die plurality of subcutaneous electrodes are carried 
by: a, single elongate Icf A - A^ do Vtnloading device such as telemeL^' iapparatus or 
transcutaneous decticai:comiectors raay be provided 'so that t^^^^ stored information 
can be dow>xloaded to a separate apparatus external to the padcnt - ' • 

A second aspec : of ttie present invention is a i:i^ethod for detecting cardiac 
electrogram features la a patient in nec-d thereof. The meihcd comprises providing a 
plurality; of subcutant ovis scnsmg ciecfrodes implanted in spatially separate locations 
in the patient, providLag i n impk^ntable cardiac monitoring device bperably associated 
with tho subcutaneous sensing elecrxodes, detecting cfatrdi^d-^-e features 
through the plurality of ' i^ensmg elrcfodes, and then storing the detected cardiac 
electiogram fea-uxv. ^:<ae xao-j:.>ring device. Tii?^ detected information can be used 
to adniimstcr an npprop- tliei^pcLtic electrical piilse to the patijint. 

Tht fcregcing i^id othfei objJ ji^ aiid aspects of the present invention ard 
expbiiied in detail in tiie diawii^g*; herehi and liie speclficadon set forth below. 

• . * r. ■ Brief Pes tK-fEtion of Ibe Drawiags 
Fl^wsa^- 1 L!iiustr^le£ an a;t.paratii. of the present invention as implanted in the 
thorax of a patient; 

Fi^uL e 2 illustrates a ca::di^ir Wa\'^form, with the varioii* components and 
feonirf f thei^of ihat fhay be detected in accordance with this preseni invention; 



OO'^O effort* I ^ 
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Figure 3A schematically" illustrates a differential: amplifier that is connected to 
■ sensing electrodes of Figure 1 in a. prior art configuration; J ^ . . ^ 

Figure 3B schematically illustrates differential Miplifiers that are connected 
to sensing electrodes of Figure 1 in various configurations of the present invention; 

5 and \r:',ri :c:^ 

. . Figure „ 4 schematically , illustrates ; an apparatus -of Figure 1, showing the 
' relati onstiip. between yarious,circiiitS- • r: ::^ '- ' \ j::no-'."ry:\ . .. , ^ 

r:f . Detailed Description of the Preferred Embodiments : 

.10 ; • . The terms "defibriilator", defihriliate" and . defibrillation as used herein are 
- intended^tQ ienoompaaSiicazdioverter^ cardiovert^^^a^ any 
other methods, aud.apparatus that provide for a therapeutic: treatment pulse to the heart 
. :ofa subject, such as pacer, pace, pacing; xvr-^ ;r^:?;.c i 
. .The. t^j?nj-"subcutanepiis" .as; used\herein:ymeansT-':outside the rib cage, and 

15 ; outsid&:.the chest cavityo-In:generali subcutaneousrsensing^electrodes described herein 
V ; v are positionedr^on the,:thoxiax-of ; the .patient,: preferably ;oii the. left ^side- and on the 
ventral siirfac^ ;(thatjs, .oiiL the chest). ~ The subcutaneous -electrodes may be carried by 
-thejsaipe lead or different leads (preferably the sa^-:?)-" The electrodes are preferably 
/ positioned -al orrbelpw. the level of Aei collar, bone, andr at or above the level of the 
20 xiphoid process, land are; prc^f^ably positSonedt-On the left side of the thorax.' 

- - The teroi *%eatraent .pulse>" asrusedqherein ^.refers to any type of treatment 
pulse,- including 4ow:aiergyLtreatment.p 8 . joules for ventricular 

pulses; uiider,4 joules for: atrial piilses) and^ high -ener^ treatment pulses (eg:, 8 
; joules: prmpre fQryentricirtar;pulse5 The pulses 

25 may be: ia . pacing Tptilses/mQludingixmtitiichycarcHa'.pa^ eardioversion pulses, 
^ ^ defibiilla^on pulses, etc. The pulses jSiay be; delivered, in any form including single ot 
multiple pulses, sequejatial pidses, pulse trains,- combinations thereof, etc. 

The phrase "likelihood of occurrence of a spontaneous cardiac arrhythmia" is 
intended to include both situations^whe^^ arrhythmia has not yet occurred 

30 but is likely to occur in the future, a::id wht^e a cardiaerarrhythnuacjias occurred and is 
continuing. . - , . 

' : . r y $g)paratus of the present invexition is schematically illustrated in Figure 1. 
The apparetu3 is illustrated implanted in the tborroc 2 uf a patientiAs illt:^trated, the 

3 
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apparatus includes an ; implantabje eardiac defibrillator 18 which serves as the 
implantable cardiac riionitoring device. An .; elongate, lead 20 carrying two 
subcutaneous caidiac senskig^^ele^ 22, 24 is electrically connected to the 

defibrillator, ,;vn1i^^ elecjrodes cpnfigure;d for sensixig cardiac electrogram 

5 features when implanted in spatis^^^^^^ locations in a patic-nt. The elongate lead 

includes a defibrillation electrode , . 

The defibrillator is configured for implajitation in' the left pre-pectoral 
position, and the -elongate lead extending fi-om the xiphoid process of 

the stemimi pf tie patient to the implantable cardiac arrhythmia monitoring device. In 
;1C general, subcutaiieous electrode 24 is configured ori the lead for positioning adjacent 
. the xiphoid procpss of the papent.^ and subcutaT7.eo;is elecUrode 22 is^ configured on the 
lead for pQsitipniiig:adjaeent 1^^^^^ the. patient. Additional subcutaneous 

sensing electrodes positioned on the lead proximal and/or dirnal ::o electrode 22 may 
. . be included jf desired, aiid r/iditional defibrillation electixjdes may be positioned on 
15 the lead both proximd and/ordistaJ to defibrill^^^ .^ 

An elonj^atp transveneoiis csAeter 11 connected to the. defibrillator 18 by yoke 
15 to single conductors 12, 14 is flexibly configured fcs r-i^^erdun into the heart 4 of 
the patient throufjh the .right atrium 7 and into the right ventricle 6. The catheter 
carries a distal, right ventricle electrode 0 and ^ pro;dmal e^lectxode 10;- The proximal 
20 . electrode 10 may be conSgiircdrfor: positioning in. any suitable location, such as the 
right atrium or superior yeiia ca3Aa. An a(?.ditio.7.r.l, right atrium pacing and sensing 
electrode 28 is also inrxstr£t?:d, v/hich clcctrcidf; i?; option^J but preferred. In general, 
at least one deSbriL'aticn, e- sctrode is included on the transi'eneaus catheter, which 
may be inserted ij7.to the right strii^m., th.ei right, ventrirle, tb.e coronarj^ sinus or a 
25 . peripheral: vein> etc. T^ic d^fibrillatiori pulse is prefer^isly adxmi'jistered by one or 
niore pair of electrodes: the compJevr.entaTy electrode (ur additional eisctrodes) may 
be positioned in any .'Stable location, sitch as on the same or a different transvenous 
catheter, as a patch electrode on ths outer surface of the heart, on the outer stirface of 
the dee.briilator (r "active can" electrode), on. the lead carrying the subcutaneous 
30 sensing electrcdes; ?tCv 
. : / The circuity wi^uin . housing 13 is schematically illustrated in Figur(B 4, A 
d]etectioni(?.ircuit is electJicaUy conno^ted to the sensing electrc des 22, 24 by lines 22% 
. 24% jnd.ithe defibrillation electrodes 85 10, 26 ate .electiically connected to the pulse 

4 
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circuit 43 by lines 8% 10' 26V The detection- circuit may- include or incorporate a 
cardiac electrogram feature detector j including ' but not -^limited to . QT interval 
detectors, PR interval detectors, ST interval detectors^- RT interval detectors, T wave 
V duration detectors, QRS dxiratiDn detect0^is,^R 'A^ave m^^ and T ^ 

5 . wave rnorphologyi' detectors (varioiis features being iilustrated by the representative 
cardiac electrogram iset forth as 'Figure -2). -The' detection' circ^^ 41 is operably 
' associated.with control circuit 42, which is in -turn asscciatbd wth't^^^ pulse circuit 43 
for deHvering a treatment pulse through- -the - defib^^^^ electrodes. Numerous 
X different detection circuitries^ are^kndwn, and' may-- employed^ or modified to carry 
10.. out the present/invention: See/ e^g.,- U.S. -Patent ^Nc; 5,560,369; 5,447,51 9; 5,3 14,430; 
' : 5,366,486; .and 5',620,471(the* disclosi&es -of '^which are in herein by 

reference): :. The pulsexircuit typically iricludes a capacitor and capacitor charger, as is 
. ;. knownrin the.arti : ^. ■ .v.-^' -^t .j'.^,-- - 

:In the embodiment illiistrated in -Figure^"-^^^^^ would be a 

15 ventricular ^defibrillation: pulse,vbut any other ^type ^6f treatment' piilse as discussed 
:above could be deli veredv through the same ^ or -a differ^ (as 
: also discussed above^ :: : j iiii.c;- :c ;:7't . • t - 1 - • . . .: . 

. . . ) A ;memory:. circuit 44; serving as a- storage meai^ contained- within the 
dcubrtllator and is operably; associaled-with the sensing electrodes through the control 
20 . circuit 42 for storing the cardiac electro^rain featuie'sv ^d is operably associated with 
a ;telemetry circuit 45. ^Therdetectio'n circmt '41 may 1>e consideried as-part of the 
. , storage means -in the illustrated embodiment^ ^but is riot critical thereto; -In general, 
any: memory device or circuit with or without ^^cdfr4spdnding detection circuit and 
intervening processdng circuit m^ Senre aiT'the storage means.-' The electrical activity 
25 V may be stored in analog or digital form; the' ^l^ctricid activiify- may be stored as raw 
: electrical . data or as features, or informatioi^^rived firdm data. Th6 

memory . and telemetry circuits can be: implediented lii accordance with known 
techniques (see, e.g., U.S. Patent No. 5,560^69). » ' ^^ i - - - v - : 

. : Any suitable isensing electrode configuration ^ be- eiriployed with the 
30 detector, with at least one and preferably at least two seeing electrode carried by the 
subcutaneous lead(s)l . Figure 3A iiliisfrates an electtede cdrifiguration of the prior art, 
in which electrodes 8:„and 10*are .employed: in lhe'illustrated*position as' the sensing 
electrodes. In the present invention; suitable electrode cdnfiguxations for the sensing 
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electrodes include electrodes 24 arid 8; electrodes 22 and 8; electrodes 24 and 22; 
electrodes 24 arid 18; 2ind'elec;trodes '22 and 18. Where defibrillator 18 is designated 
as the elei^tr6de;^the electrdd^i^ surface of the defibrillator (referred to as 

an *-aciive"^aii" electrode): "Polarity 'is not critical and may be reversed jfrom that 
indicated. ■ - ''-I '■ 

The defibrillator niay' also inchiH^ a telemetiy circuitry 45 (see Figure 4) or 
tanscutan^otis electrical cdhhectors tot'^s as downloading raeaiis bperatively 
iassociated >\ith ffie storage "m^ transferring stored infdirmaiion on the electrical 

activity of the heart of the patient from the implantable cardiac arrhythmia monitoring 
device to a separate apparatus ektemal to the patient. Thus the' present invention can 
be used to detect arrhythmia, and tireh db\vnload feature and arrhydunia information 
and conduct arf '^anaiy^^ correlate With the onset of 

arrhythmia. Tlie information can be used to reprogiram or' modify the: device, or the 
device may auto^leam over ti^ ^ ' - 

As will be appreciated by diose ' skiUed in the art, numerous circuitry 
cbnf igmations may be employed. Tne power supply may mclude a siugie capacitor, 
and the control circuit may be configured so that iiiultipie cdinponencs of the pulse are 
geiierated by the disciharge of the single capacitor, tlic power supply may include a 
first and second capacitor; with the control circmt configured so that multiple 
components of the piilse are 'generated by the discharge of different capacitors. 
Multiple capacitors may be yoked together. 

Systems as described above may be implanted in a patient by conventional 
surgical techniques, or techniques readily apparent to skilled surgeons in ligyht of the 
disclosure provided herein, to provide an implanted system. 

Additional features can be added to the invention without affecting the 
function of the invention and result thereof. Such additional features include, but are 
not limited to, safety features such as noise suppression or multiple wave monitoring, 
verification checkjjig to reduce false positives, precardiioversion warning, 
programmed delayed intervention, bipolar configured sensing electrodes, 
intermittently activated defibrillation detection to reduce energy drain, switching to 
minimize lines from the praise generator, etc. 

In use, the apparatus described above provides a therapeutic method that 
includes detecting cardiac electrogram features in a patient in need thereof. In 
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overview, ; the method comprises providing a . plurality .of subcutaneous, sensing 
elecd-odes implanted , in spatially separate ..locations in the patient; providing an 
implantable cardiac defibrillator operably. associated w sensing 
, . electrodes; detecting cardiac electrogram features-:through the plurality of sensing 
5 electrodes; providing at least one elongate trans veneous catheter inserted into the 
heart of the patient^ the catheter connected to, the defibrillator and carrying at least one 
defibrillation . electrode; detecting electrical activity of the heart o^^the patient through 
the subcutaneous sensing electrodes; detemiim 
. cardiac arrhythmia from, the detected -.electrical activity; and. then administering a 
.10. therapeutic pulse to the heart thrpug;h the.at.l^ast one, defibrillation electrode, upon the 
. deteraiinatipn.of a Jikelihood of Qccurre^^ As 
above, the therapeutic pulse may be an atrial or ventricular therapeutic pulse. The 
method may -further comprise! the step pf .stpring^the detected cardiac electrogram 
features in the defibrillator, and then downloading, the stored electrical activity to an 
15 external.. device. ..The stored electrical , activity may be analyzed following the 
, do^ynloading step, and a thejrapputipjr^cpmmendatipn generated for managing cardiac 
. arrhythmia for thft^patient basedpn the stored, downloaded, electrical activity. 

. „ . The, foregoing is illustrative. ^of^the present inyentior^ and is not to.be construed 
, as linxiting . .thereof. , The invention, is .defined.. by ..the .following ck^ with 
,20 equiyaiente of the. clainis^o be included there^^ . 




7 



# 

PCT/US99/01594 



wo 99/38568 



\ 

• 



1PCT/US99/01594 



■•• That which is; claimfid-is:;:/' ..v---*- ' . . 

./laiAn jmplantableapijaral^is^^^^ spontaneous 
cardiac electrogrjim featiires jji a; patient * said apparatus cbmprisihg : - 
an implantable cardiac monitoring device; 
,5 , a plurality ..of subcutaneous, cardiac sensing electrodes electrically connected to 

said . monitoring; ; icvice/ :iaicT: s^ electrodes configcxed for sehsing cardiac 
electrogram features when implanted in spatially separate locations in a patient; and 

storage means contained within said monitoring device and operably 
: associated with said subcutaneous., electrodes for storing - s^^ cardiac electrogram 
10 features. 

2. An apparatus according to claim 1, wherein said piuraiity 6f subcutaneous 
. electj:odes are carr/.ed by a single elongaie lead. - . 

3. An apparat>i.S Hccor<feg. to claim 2r whereiii s?^ cardiac 
monitoring device is configured for implantation in the left pre'-pcctoral position, and 
said elongate lead is . coMigured Tov extending from the xiphoid process of the sternum 
of said patient to said implantable cardiac arrhythmia monitoring device. 

4. . An api)av?t'.^s ^iccordiug ro claim 3, wherein one of said^ subcutaneous 
electrodes is configixred on said lead for positioning adjacent the xiphoid process of 
the patient, and another of said subcutaneous electrodes is configured on said lead for 
posit lomng adjac-eiit ilrG left 

5. An apparatus according to claim 1, wherein said storage means comprises a 

cardiar* elecli'ogrdii). f^attu^^ detector. ^ . . ' . 

6. An appa .iis according to claim 5, wherein said detector is selected firom 
the group >ccnsistJi;j of QT interval detectors, PR interval detectors, ST interval 
detectors, RT interval detectors, T wave duraUon detectors, QRS duration detectors, R 
wave morphology detectojcs, and T wave morphology detectors. 

8 
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7. An apparatus according to claim 1, further comprising downloading means 
operatively associated with said storage means forlransferring stbred infonnation on 
; the electrical activity of the heart of said.-;patierit':from =said. implantable cardiac 
monitoring, device to a.separate apparatus external :to.rsaid paftientr. v. : . 

. , 8;,. An apparatus; according to. claim .7^-wherein':said do^ATiloading means is 
selected from .the group consisting Tof.rtelenietry ' aKJaratuSii. and transcutaneous 
electrical connectors, : ^*:ui;C,;n / : . 

: 9.' A method for detecting cardiac j electrogram features in- a. patient in need 
thereof, comprising: -u- 

providing a plurality of subcutaneous sensing electrodes implanted in spatially 
sepaxat^ locations in sakl patient; r.:/: I; v: .i.:. ;^ .;. ^ 

providing an implantable, cardiac; monitoring device operably associated with 
said subcutaneous sensing electrodes; 

; : ^^!^?^?9ting; cardiac^ through said . :plurality of sensing 

■electrodes; and: ; ; r-: ~ , - : y ; r: -=:.; -. .-^ . . % 

^ storing said detected cardiac etlectrogram. features:in said monitoring device. 

10. A method .accc)f ding to claim 9, further comprising the step of 
downloading - said stored electncali,actiyity;;ta- a .separate apparatus external to said 

^ patient..-;... - ..... ... ^..^^.y- 1,:,> j 

1 1 . A method according t<?;plmm 9,>&Ldiier ;com^ steps of:^ - 
analyzing said stored electrical activity following said downloading step; and 

then r r {T.:^[:: ^' --J I 

generating a therapeutic recommendation.for msmging cardiac arrhythmia for 
said patient based on said stored electrical activity. 

> \:: -.r i:-' : ■ " v --^ v 

; 42.v:A method according to.plainj 9, wherein ;5a^iplurab.ty of sabcufaneous 
ejec^odes are carried by a single elongatcrk^ r .r 
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13. A metfeod according to claim 12, wherein said elongate lead extends from 



14. A method according to claim 13, wherem one .of said subcutM^ 
electrodes is positioned adjacent the xiphoid process of the patient, and another of 
said subcutaneo^TS.dectrpdes is.pp left axilla of the patient. 

15. A method according to claim 9, wherein said detecting siep^comprises the 
step of detecting an event sejerted from- the group, consisti^^^ iiiterval, PR 
interval, ST interval, RT interval, T wave duration, QRS duration, R wave 
morphology, and T waye mojphc^^^^ . . . 

16. JJ2 implenf^J:)lf) dt^^ that detects • and monitors 
spontaneous cardiac electrogram features in a patient, said appai'atus cdmprising: 

an implantable cardiac defibrillator; 
, ^ ^plurality of r^ibrctaiieous cardiac. serismge! 
said def?.brillator said sensing . electrodes configur^^d forsensirig cardiac electrogram 
features when implanted in spatially separate lecat^ :is in a patient; - 

at least one elongate transveneous ca^etei lexibly configured for insertion 
mto the heart of said patient, said catV^eter csxt^dig at^ ust one' defibrillation electrode 
and said catheter, connected to s.ild u^r'ibriUator; : . L 

a detector carried within said defibrillator and operably associated with said 
sensing electrodes und said at r lcist one-d^^^^ said detector 

configured f'jr detecting the J jkelihood of s^pont^ineouis cardiac arrhythmia and 
delivering a treatxjient pulse teoush said at least on defibrillation electrode. - ■ 

17. An apparatus according to claim 16, wherein said defibrillation electrode 

, is a v?n*rnidr:r d«fibv' .'^^^^ 

An app3i:ati.s : , ding to cMm 16, wherein said defib-ilktioh biectrode 
is an atrial dc5b illati n . L-ode. 



the xiphoid process, of the :Stemum of ;said^^^^^ to a cardiac monitoring. devii 
implanted in the left pre-pectoral position in said patient. ^ 
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19. An apparatus according to rclaini-^ 16; -wherein said plurality of 
subcutaneous electrodes are carried by a singlfcelonjgatis lead. ' V 

20. An apparatus according to claim 16, said elongate lead further carrying at 
least one defibrillation electrode. ' - r... . ;* :. ..; >:a: : , 

- . 21 . . An vqjparatus *:according ' to claim''^20. Wherein ' said defibrillator is 
configured for implantation in the left pre-pectoral position, and said elongate lead is 
■ configured .for extending'^fi'omi the xiphoid process of the sternum of said patient to 
. said implantable cardiac arthythmia mOhitdn^ - - - T ^ 

22. An apparatus according to claihn ^ly wherein one of said subcutaneous 
electrodes is configured on said lead for positioning adjacent the xiphoid process of 
the patient^.and another of said subcutan'eovts-eleGtrode^f is^configured on said lead for 
positfoaing adjacent the; left axilla of the pa^^^^ - - • ' j . .-.'ru 

23 ; ; An apparatus -according-^ to claiiii - 2 1 , -further coniprising storage means 
^contained within- said defibrillator- a^d -operably associated with s^d sensing 
• electrodes foi? storing said cardiac Jelectrogram feattires? - 

:24. ;An appa^r^^s: according -td clainl 23,- therein said storage means 
comprises a cardiac electrogram feature ^^Cter.^ — " 

25. An apparatus-! according^ to:: daim 24^ whetSin said detector is selected 
fcqxa the group consisting of QT interval detedbrSrPR inleiVal dstectors, ST interval 
detectors, RT interval detectors, T wave dur^on detectors, QRS duratibh detectors, R 
wave morphology detectors, and T wave morphology detectors. 

26. An apparatus according to claim 23, furiiiSJ ccniprisiag' dowrdoato 
means operatively associated with said storage means for tnmsferring stored 
informatipp on the.electrical activity of tlie heari:^ - >iid p^ierit^^^ implantable 
cardiac arrhythmia monitoring device to a separat^Qk^para^xs external to saidpatient. 
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27. An apparatus accoriding to claim 26, wherein said downloading means is 



selected from the group censisting of Jelemetry . apparatus and transcutaneous 
electrical coimectors. 

28. A defibriU^tipn. that , includes detecting cardiac electrogram 

features in a patient in need thereof, said method comprising: 

providing a plurality of subcutaneous sensing ^e^^ implanted in spatially 

separate locations in said patientv . , : ; 



providing an implantable cardiac defibrillator operably associated with said 
subcutaneous sensing electrodes;;; ■ r..-- : /.h: . 

detecting cardiac electrogram: -features;: through said plurality of sensing 
electrodes; 

providing .at J^ast on^ elon:gate,.transveneous catheter inserted into the heart of 
said patient, said catheter connected said defibrillatoi:: and carrjing least one 
defibrillation electrode; 

detecting electrical activity of the heart of said patient through said 
subcutaneous Sf?nsing electrodes; 

detepnining the likelihood of a spontaneous qardiac arrhytiimi a from said 
detected electrical acti^/ity • and then > . ; , , ; ■ 

administering a therapeutic pulse to said heart through said at least one 
defibrillation slectrpde; upon th^^i determination cf. a likelihood of occurrence of a 
5?pontai)eous cardiac airhytbnxia. 

29. A method according to clalrn/23,. v/herein said therapeutic, pulse is an 
atrial therapeutic pulse. 

3D. A ro.ethod accordirjg to claim 28, v.'berein said therapeutic pulse is a 
yentricular therapeutic pulse. . 

31. A method according to claim 28, further comprining. the step of storing 
said detected cardian ele^ xpgram featores in said defibrillator. 
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32. A method according to claim 31 j -further comprising the step of 
downloading said stored' electrical activity: to to ext6m - 

33. A method according to claim 31, further comprising the steps of: 

"analyzing said stored electrical activity T611o\\^ :said doWnloading step; and \ 
then ""'--^ ['-^ 

generatiiig-a'therapeUtic recommendation for mahagirig^^ arrhythmia for 

5 said patient based on said stored electrical activity:^ *' ' ? ^ ' 

34. A method according to claim 28,^ Wherein said plurality of subcutaneous 
electrodes are carried by a single elongate lead; ■ - ' 

• 35. A method according to claim 34, wherein said eldhgate lead extends from 
the xiphoid process of the sternum of sMd' patient tb* a -defibrillator impla^^ in the 
left pre-pectoral position in said patient ' * - ' ■ - ' 



36. A method according to claim 15^ wherehi one of said subcutaneous 
, electrodes is positioned adjacent the xiphoid process of the patirat, and another of 
said subcutaneous electrodes is positioned adjacent the left axilla of the patient 

. : 37. A'method according to. claim 28? wherein^'said detecting step comprises 
the step of detecting an event selected from thei gfotip' consisting -of QT interval, PR 
interval, ST interval, RT interval, T wave duration, QRS duration, R wave 
morphology, and wave- morphology [ :-,a ' v :: . - 

38. A subcutaneoxis lead usefiil for an implantable apparatus for the detectiori 
and treatment of spontaneous cardiac arrhythmia in a patient in need thereof, said 
implantable apparatus including an implantable cardiac 'aithythjm 
device for implantation in the left pre-pectoral position in said patient, said elongate 
>• -5.^^ '-lead comprising: • ' v- - ; ;n:.ii^ c; ^^^i:^^:: ^^ 

an elongate lead configured for extending ?^ohi ^e xiophcid process of the 
sternum of said patient to said implantable cardiac arrhythmia management device 
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when implanted said device is implanted in the left pre-pectoral position in said 
patient; and „ . . _ _ . - . . 

a 'piiarality of subcutaneous sensing electrodes connected to said lead in a 
spaced-apart configuration thereon. 

39. A subcutaneous lead according to claim 38, wherein one of said 
subcutaneous electrodes is. configured on said lead for positioning adjacent the 
xiophoid process of the patient. 

40. A subcutaneous, l^ad according to claim 38, wherein one of said 
subcutaneous eJisctrodcs is coafigui'ed on said lead for positioning adjacent the left 
axilla of the patient - . ^ =; 

41. A subcutaneous le^d aqi:ording to claim 38, said lead fiirther carrying at 
least one defibrillation electrode^ " 
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